01-23-' 06 15:53 FROM -TUNG S ASSOCIATES 12485404035 
U.S. S.N. 10, 788, 912 



T-387 P12/26 U-396 



Thorough examination by the Kxam.iner its noted and 
appreciated. Examiner has indicated Lhe mo#t recent rejection is 
non-f i.na] . 

The? ciaimo have been amended to clarify Applicant* disclosed 
i riven t ion - 

Support; for Lhe amendments is found in the original claims 
and Lhe Specification. 

No new matter has been added. 

For example support for the amendments is found in the 
Specification at paragraph 0023: 

"Referring to Figure ID, in an important aspect at the invention, n 
rnmotft p]/jrtin/i etch treatment •including one of more inert plasma source (jfirter* 
such bis nil. racjnn, helium, rand nrgon is carried out t.o etch n portion of I. he 
barrier layer 20A. Pre f'erofo ly the remote plasma etch I rootment in carried out 
to remove the barrier layer 2QA covering the bottom portion of vi.n porLiun 

IftA of the dual damascene opening 10 raven I the underlying conductive portion 
11, for example .1 copper inLerconned. . Tr. hn« been found U>*L lh« remote 
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plnnTn«i oXch trootmont: e.irr i Cirt out nccorrii.ng to preJtorrod emi>o<iimontf? f serves 
I'o m^kft t. b<i^ri.hiC loy«r XOA mo ret uniform in t.hiclcnc«n .it the fii daw/i Lis of 
the trench portion 18B and the via portion 30ft of L he riuol drnn<iftC!c»in«& opening 
while removing the bottom portion of via portion ISA. Preferably, the barrjor 
layer 2 OA following tht-: remote: plasma treatment i;; formed havinq a thickness 
between dbout 50 Angstroms and about Z50 Ancjsl. .rnirift . " 

Claim Objections 

Examiner has objected to claim 6 requesting the removal of 
the word "comprisea" in lino 2. Applicants do not find such term 
An claim 6, 

Claim Rejections under 35 USC 103(a) 

1. Claims 1, 2, 6, 8, and 11 stand rejected under 3b USC 
Section 103(a) as being unpatentable over Chooi (USPUB 
2002/0064941) in view ol Ngo (US 6,525,428). 

Chooi discloses a method of forming amorphous silicon 
spacers over trench and via sidewalls with an overlying metal 
nitride layer covering lining both the via and the trench (item 
360 h'igure 3fc'; item 460 Figure 4P) or with metal nitride spacers 
overlying the silicon Spacers (along trench and via sidewalls) 
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(item 260, figure 2C) . In all throe embodiments, the metal 
ni L ride is reacted with the underlying amorphous silicon to form 
a ternary metal silicon nitride liner (paragraphs 0010 and 0019) . 
The ternary metal silicon nitride liner is taught to act as a 
fluorine trap, capturing fluorine from fluoriziuLod dielectric 
layers and thereby protecting copper Irom lluorinc attack 
(paragraph 0017 and 0048). 

In all three embodiments, Chooi discloses an optional middle 
etch stop layer and teaches stopping on the etch stop layer when 
terming the trench, but Leaches transferring the trench pattern 
into the etch stop layer following removal of the resist mask 
(paragraph 0047) . In one embodiment, Chooi teaches etching 
through the metal nitride liner and barrier layer at the via 
bottom to expose a bottom conductor following formation oi 
amorphous silicon spacers and ovwrlying metal nitride liner 
(Figures 2D- 2V; paragraph 0050) . In another embodiment the 
bottom ol t lie via is etched to expose a bottom conductor 
following formation of amorphous silicon spacers but before 
formation of the overlying metal nitride liner (Figures 30-31*'; 
paragraph 0051 ) . In a third embodiment, the bottom of the via is 
wtched through the bottom barrier layer to expose a bottom 

1 2 
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conduct. or following formation of amorphous silicon spacers and 
metal nitride spacers (Figures 4D-4F; paragraph 0053) . 

Ngo, on the other hand, discloses a dual damascene process 
including a graded middle etch slop layer formed of Si C/Si/Sic 
(ace Abstract; col 3, lines 1-6). Ngo teach forming the trench 
opening to expose the S1 layer in the middle otch a Lop layer as; 
well as to exposing the bottom conductor in the via (col 5, Line:-: 
5 to col 6, line 2). A barrier layer (item 30, Kigure 3) is then 
£orjncd including covering a bottom via portion, followed by a 
seed layer (item 31, Figure 3), and followed by depositing a 
copper filling by el ect rodeposit ion (ace col 6, lines 13-17). 

There la no apparent motivation for combining the teachings 
of Chooi. and Ngo, As pointed out, the method of Chooi is aimed 
at producing terniary metal nitride spacers/liners to prevent 
attack by fluorine from fluorinated dielectric: layers on copper 
where the bottom conductor is exposed prior to filling with 
copper with the method ui Ngo, which is taught to improve the 
adhesion of an overl.yi.ng barrier layer, where the barrier layer 
is deposited over the bottom conductor prior to filling with 
copper - 
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Even assuming arguendo, a motivation Lor combining the 
teachings oi Chooi and Ngo, such combination does not produce 
Applicants disclosed and claimed invention. 

War example, the combination of Chooi or Ngo do not disclose 
a .-jingle etch process to improving a thickness uniformity along 
trench and v.i a sidewalls as well as expose (reveal) the bottom 
conductor at the bottom of the via. Rattier the process* of Chooi 
could not be accomplished by a single etch process as Applicants 
disclose and claim. Chooi teaches the formation of spacers of 
either or both and amorphous silicon spacer and overlying nitride 
layer followed by a second etch process to expose the (reveal) 
the bottom conductor at the bottom of the? (see Figures 2d-2f; 3d- 
3e; 4d-4f) . Ngo does not teach or suggest removal of the barrier 
layer at the botlom oi the via. 

Moreover, nowhere do wither Chooi or Ngo recognize the 
problem that Applicants have recoqni.zed and solved by their 
disclosed and claimed invention: 

U A method lor forming a copper dual damascene with improved 

-.14 
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barrier layer t h i c: knea a un i 1" o rmi L V and improved electrical 
resist! vity" . 

"Finally, the prior art reference (or references when 
combined) must teach or suggest all the claim Limitations. The 
teaching or suggestion to make Lho claimed combination and the* 
reasonable expectation of &ucces3 must both be found in the prior 
art:, arid not based on applicant's disclosure." Jn re Vxeck, 947 
y.2d 488 r 20 USPQ2d 1438 (Fed. Cir. 1991), 

2. Claims 9 and 10 aland rejected tinder 35 USC Section 103(a) 
ay being unpat.cn table over Ohooi in view of Ngo, above, and 
further in view of Kim (US 6,436,303). 

Applicants reiterate the comments made above with respect to 
Chooi and Ngo. 

On the other hand, Kim teaches* a remote plasma etching 
process to etch away undcflircd portions of dielectric Lilma on a 
substrate including selectively removing lilms from peripheral 
surfaced (sidewall surface) while shielding major surfaces 
(horizontal surface) (see Tibs tract, col 1, linea bb-62), thereby 
teaching away from Applicants disclosed and claimed invention of 
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improving a barrier layer thickness unilormi Ly along trench and 
via sidewalls as well as removing the barrier layer at the bottom 
of the via (horizontal surface) • 

Even assuming arguendo a proper motivation for combining the 
teaching.? of. Chooi or Ngo wi.th Kim, such combination does not 
produce Applicants disclosed and claimed invention. 

"Finally, the prior arl reference (or references when 
combined) must beach or suggest all the claim limitations. The 
teaching or suggestion to make the claimed combination and the 
reasonable expectation of success must both be iouiid in the prior 
art, and riot baned on applicant's disclosure*" In rc Vacck, 947 
h\2d WW, 20 USPQ2d 1438 (Fed. Ciz\ 1991). 

"A prima facie case of obviousness may also be rebutted by 
.showing that the art, in any material respect, Leaches away from 
the claimed invention." In re Gelsl&r, 1.16 P\ 3d 1465, 1471, 43 
0SPQ2d 1362, 1366 (Fed. Cir. 1997). 

3. Claim 3 stands rejected under 35 UKC Section 103(a) as being 
unpatentable over Chooi. in view of Ngo, above, and turthcr in 

16 



PAGE 18/26 * RCVD AT 1/23/2006 2:39:21 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/29 * DNIS:2738300 * CSID: 1 2485404035 1 DURATION (mm-ss):05-16 



01-23-' 06 15:55 FROM -TUNG & ASSOCIATES 12485404035 
U.S. S.N. 10,788, 912 



T-387 P19/26 U-396 



view o£ Smith (US 6,642,141). 

Applicants reiterate the comments made* above* with respect to 
Chooi and Ngo. 

The iacL L licit Smith discloses the use of a graded silicon 
oxynitride film on a silicon nitride film as a bottom etch stop 
layer (items 150, .160; 10 0, 1 90, Figure 3) {over a conductive 
portion) to improve adherence of an overlying fluorinated silicon 
oxide layer, does not help Examiner further in establishing a 
prima iacie case ol obviousness with respect to Applicants 
disclosed and claimed invention. F'or example, in the trench 
first process of Smith (.form trench first, then the via) (see col 
5, lines 6-14), Smith does not disclose or suggest the use of a 
middle etch stop layer, contrary to Examiner s assertion, and such 
a middle etch stop layer would likely not be desirable or useful 
in the trench first dual damascene formation process ol Smith 
(note* that Applicants disclose and claim formation of the via 
first, then the trench) - Moreover, the bottom etch stop layer oi 
Smith is not disclosed or suggested to offer any benefit or 
advantage with respect to etching (bottom etch stop layer is 
removed during via formation process) see col 5, lines 10-26). 
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Even assuming arguendo a proper motivation lor combining the 
teachings oi' Chooi or Ngo with Smith, such combination does not. 
produce Applicants disclosed and claimed invention, 

"Finally, the prior art roiorcacc (or references when 
combined) must teach or suggest all the claim limitations. The 
teaching or suggestion to ninke the claimed combination and Lhc 
reasonable expectation of success must both be found in the prior 
art, and nol baaed on applicant's disclosure." In rc Vncck, 947 
F.2d 488, 20 USPQ2d 1438 (Fed. Clr. 1991)* 

4. Claims A and 5 stand rejected under 3b USC Section 103(a) as 
being unpatentable over Chooi in view of Ngo, above, and further 
in view ot" Wu (USPUB 2005/0110153), 

Applicants reiterate the comments made above with respect to 
Chooi and Ngo. 

On the other hand, Wu discloses a bottom etch stop layer 
(termed over a metal area; see item 16, Figures 1 and 2) and does 
not disclose a middle etch stop layer, contrary to Examiners 

18 
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assertion, where the bottom etch .stop layer its SiOC (paragraph 
0027) or a composite of SiOC/and one ox more of SIGN, Si CO, H1N, 
RiON, SiC, rind SiO, prolerably SiC/S.lO (paragraphs 0030 and 0031) 
and of flora the advantages ol improving adhesion to copper and Lo 
an overlying low-K IMD layer (paragraph [0016 1 and which prevents 
the bottom etch stop layer from being broken through during via 
etching (paragraph 0032). 

Thus, even assuming arguendo, a proper motivation lor 
combining the teachings of Wu with Chooi and Nyo, such 
combination does not produce Applicants disclosed and claimed 
invention . 

Double Patenting 

6. Claims 1, 2, G, 8, U , and 12 stand rejected under the 
judicially created doctrine of obviousness- type double patenting 
as being unpatentable over claims 1, /!, and 12 of Tsai (US 
G, 878, CIS) in view of Nqo (US 6,525,428). 

Statement of Common Ownership Pu rsuant to 35 USC 103 (c) 

19 
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Applicants attorney of record state that Tsaj. et a.l. (US 
6,878,6.15) and Applicants instant application were, at the time 
Lhe invention was made, owned by Taiwan Semiconductor 
Manulac L uring Company . 

Applicants respectfully point out that under a non-sLaLutory 
obviou&nc&s type rejection, the disclosure of- Tsal is not to be 
used as prior art, and a double patenting situation arises only 
where the same subject matter (identical invention) ±0 claimed In 
Applicants patent and in Tsai. See Ml? JSP Section 804 at page BOO- 
22; 



When considering whether Ihc invention defined in 
a claim of an application is an obvious variation of the 
invention defined in the claim of a patent, the disclosure 
of the patent may not be used as prior art. 

and at page 9 00-30; 

A prior art reference that renders 
claimed subject matter obvious under 35 U#S«C« 
102(e)/1 03(a) doe* not create a double patenting situation 
where that subject matter is not claimed in the 
reference patent. Where the subject matter thai render* 
a claim obvious is both claimed and disclosed in 
a Li,S, patent which satisfies the criteria of 35 U.S.C. 
102(e), the examiner should make rejections based 
both on double patenting arid 35 U.S.C. 103(a). For 
applications filed on or after November 29, 1999, 
rejections under 35 U.S.C. 102(e)/! 0300 should not 
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be made or maintained if the applicant provides evidence 
that the subject matter of the reference sind the 
claimed invention were, al. the time the in vent tun was 
made, owned by the same person or subject to an obligation 
of assignment to llie same person. 

Applicants respectful .1 y point out that the same subject 
matter as Applicants claimed invention is not claimed or 
disclosed in Tsai. IL its clear thai llie process of Applicants 
claimed invention including claim 1, includes elements which are 
neither claimed nor disclosed in Tsai, and that Tsai includes 
elements diiieloyod and claimed which arc noL claimed by 
Appl i cants . 

Taai disclouos and claims in claim 1, a process where a low- 
Is' protection lining Js formed over the via following formation of 
n via in a via-first dual damascene formation process (see e.g./ 
col 6, lines 30-35), forming a trench portion over the via, 
removing a portion oi the low-K proLccLion lining at the bottom 
of the via opening including a passivation layer, and then 
forming a barrier layer over the low^K protection layer to line 
the dual damascene opening (see claim 1. )« 

Tsai neither claims not discloses "then ioriuiny an upper 
trench line portion extending through the upper dielectric 

21 
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ins ula t ing layer thickness and partially through the middle etch 
stop layer;" 

Or 

"then removing a bottom portion of the barrier layer to 
reveal an underlying conductive .*rea according to a plasma 
etching process, said plasma etching procesy further improving 
said barrier iaywr thickness:* uniformity along trench and via 
sidcwallu; and, 

then filling the dual damascene opening with copper to 
provide a substantially planar surlaoe." 

Applicants on the other hand, do not claim or disclose a 
low-K protection lining, removing a portion of the protective 
lining, forming «=i barrier layer on the protective lining, or 
i'orming a metal layer on the barrier layer, ay claimed in claim 1 
ol Tuai. 

As rioted above, Ngo discloses forming a barrier layer but 
Leaches leaving the barrier layer in place at the bottom of the 
via (as does Tsal) prior to filling with copper (see col 6, lines 

22 



PAGE 24/26 * RCVD AT 1/23/2006 2:39:21 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/29 * DNIS:2738300 * CSID:12485404035 * DURATION (mm«ss):05-16 



01-23-' 06 15:56 FROM-TUNG & ASSOCIATES 12485404035 
U. 25. S.N. 10,788,91.2 



T-387 P25/26 U-396 



13-29) 

Even assuming arguendo a proper motivation for combining the 
references, such combination does not produce the claim. 1 ? of 
Appl i cants „ 

7. Claima 13, 16, and 18 sLand rejected under the -judicially 
created doctrine of obviousness-type double patenting as being 
unpatentable over claims 1, 10, and 12 oi Tyai (US 6,878,615) in 
view of Ngo, above, and Kim. 

Applicants reiterate the comment!-; made above with respect to 
Tisni, Ngo, and Kirn. 

The fact that. Kim Leaches a remote plasma etching process to 
etch away undesi red portions of dielectric films on a substrate 
including selectively removing films from peripheral surfaces 
(sidewall surface) while shielding major auriacca (horizontal, 
surface) (see Abstract, col 1, lines 5b~62) does not help 
Examiner in reproducing Applicants claims. 
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Rased on the foregoing, Applicants respectfully submit that 
Applicants Claims are now In condition for allowance- Such 
favorable action by the Kxaminer at an early date i£ rcspcsctlully 
iiolicitc-id. 

fn the event that the present .invention as claimed i:s not in 
a condition for allowance for any other rcaaons, Lhe Examiner Is 
rcspecLIully iriviled Lo call Lhe Applicants' representative at his 
R1 cornfield Hills, Michigan office at (248) 540-4040 such that 
necessary action may be taken to place the application in" a 
condition for allowance. 

submitted, 
i&Les 



Randy W. Tung 
Reg. No. 31,311 
Telephone: (248) M0-4CM0 
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